Angiogenesis Vascular cognitive impairment and dementia White matter Spontaneously hypertensive/stroke prone rat A B S T R A C T Vascular cognitive impairment is a major cause of dementia caused by chronic hypoxia, producing progressive damage to white matter (WM) secondary to blood-brain barrier (BBB) opening and vascular dysfunction. Tight junction proteins (TJPs), which maintain BBB integrity, are lost in acute ischemia. Although angiogenesis is critical for neurovascular remodeling, less is known about its role in chronic hypoxia. To study the impact of TJP degradation and angiogenesis during pathological progression of WM damage, we used the spontaneously hypertensive/stroke prone rats with unilateral carotid artery occlusion and Japanese permissive diet to model WM damage. MRI and IgG immunostaining showed regions with BBB damage, which corresponded with decreased endothelial TJPs, claudin-5, occludin, and ZO-1. Affected WM had increased expression of angiogenic factors, Ki67, NG2, VEGF-A, and MMP-3 in vascular endothelial cells and pericytes. To facilitate the study of angiogenesis, we treated rats with minocycline to block BBB disruption, reduce WM lesion size, and extend survival. Minocycline-treated rats showed increased VEGF-A protein, TJP formation, and oligodendrocyte proliferation. We propose that chronic hypoxia disrupts TJPs, increasing vascular permeability, and initiating angiogenesis in WM. Minocycline facilitated WM repair by reducing BBB damage and enhancing expression of TJPs and angiogenesis, ultimately preserving oligodendrocytes.
Introduction
Vascular cognitive impairment and dementia (VCID) is the second most common form of dementia (Gorelick et al., 2011; Toth et al., 2017) . The major form of VCID is subcortical ischemic vascular disease (SIVD), which is progressive damage to white matter secondary to small blood vessel pathology (Faraco and Iadecola, 2013; Hachinski et al., 2006; O'Brien et al., 2003; Pantoni, 2010; Taheri et al., 2011) . We showed that the pathophysiology of SIVD involves inflammatory disruption of the blood-brain barrier (BBB) associated with increased expression of matrix metalloproteinases (MMPs) in the brain (Rosenberg et al., 2001 ) and the cerebrospinal fluid (CSF) (Adair et al., 2004; Candelario-Jalil et al., 2011) . Hypoxia initiates a neuroinflammatory response with the production of free radicals and proteases that disrupts the BBB, leading to vasogenic edema and myelin damage (Iadecola, 2013) .
Spontaneously hypertensive/stroke prone rats (SHR/SP) show many of the pathologic features of patients with SIVD, including fibrosis of small blood vessels, injury to the WM, and behavioral deficits (Sironi et al., 2004) . In SHR/SP fed a diet consisting of low protein and high salt (the Japanese Permissive Diet, JPD), along with unilateral carotid artery occlusion (UCAO), we used an oxygen sensitive crystal with electron paramagnetic resonance to show an increase in tissue oxygen in the WM at 12 weeks of life with a drastic decrease in oxygen from the 13th to the 16th week when death occurs (Weaver et al., 2014) . We showed that the UCAO/JPD SHR/SPs underwent an accelerated injury to the WM that is associated with BBB disruption (Jalal et al., 2012) . This BBB disruption occurred secondary to increased hypoxia-inducible factor-1α (HIF-1α), which induced a MMP-9-mediated infiltration of leukocytes (Jalal et al., 2015) .
The integrity of the neurovascular unit is maintained by multiple components, including tight junctions (TJ) that seal capillary
